for some devices we observe that the circular polarisation state is directly mapped to orthogonal nanowires. This result, which is physically surprising for a non-chiral structure, is shown to be related to the nano-positioning of the quantum-dot with respect to the photonic circuit.
Photons are the most robust carriers of quantum information and the most easily manipulated at the single qubit level 1 . With the recent implementation of Shor's Algorithm using several one-and two-qubit gates in a single waveguide circuit 3 , linear optical quantum computing is an early front runner. In such a linear optics approach, measurements are used to implement two-photon gates resulting in a probabilistic operation 2 . However, without a deterministic single photon nonlinearity 16 or a quantum memory, such an approach is intrinsically un-scalable 2, 9 .
This can be overcome with a solid-state emitter, for example quantum dots (QDs), nitrogen-vacancy centres in diamond or impurity centres in semiconductors, which can be integrated within the waveguide circuit.
III-V semiconductor QDs are promising solid-state quantum emitters, with strong optical dipole and lifetime limited radiative recombination 14 . Highly tuneable QDs 17, 18 are easily integrated with photonic structures: non-classical light sources [5] [6] [7] , strongcoupling 19, 20 , indistinguishable photons from two remote QDs 21, 22 and on-chip integration with single photon detectors 8 have all been demonstrated. The QD states most suitable as storage qubits are the spin eigenstates of an electron or hole, with intrinsic coherence times in the microsecond regime 10, 11 . Optical detection and constraining the scalability of a quantum network which exploits QD spins as static qubits.
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In this work we employ a crossed photonic nanowire waveguide device, where the polarisation of a photon emitted by a QD at the intersection is converted to a pathencoded state, with the x(y)-polarisation component transmitted along the y(x)-direction waveguide. By recombining these waveguides the polarisation of the photon can be recovered and the spin-state of the QD deduced. Fig. 1(a) shows a scanning electron microscope image of a prototype spin-photon interface. This device consists of two orthogonal free-standing waveguides with a width of ~200nm connected to four out-couplers 23 . The waveguides are fabricated from a 140nm thick GaAs layer containing a single layer of InGaAs QDs at its centre (see Methods for details). A QD located at the centre of the waveguide intersection will coherently emit the x(y)-polarisation component of a circularly-polarised state into the waveguides aligned along the y(x)-directions respectively. By collecting both polarisation components, whilst retaining their relative phase, the full polarisation state of the photon is mapped to a path-encoded state. On recombining the light from the waveguides, the polarisation state of the photon can be reconstructed at another point in the plane, hence enabling on-chip transfer of spin information.
Finite difference time domain simulations (FDTD) simulations reveal that the spin to path conversion is sensitive to the QD position. We present results from two devices.
For device-A, consistent with a QD located near the centre of the intersection, the 
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The demonstration of the principle proceeds by several steps. First, a laser is used to excite the QD wetting layer at the intersection. A map of the photoluminescence (PL), integrated over the QD ensemble, is presented in Fig. 1 
(c). Strong emission is
observed from all four out-couplers and the intersection. This verifies that emission from the QDs excited at the waveguide intersection is transmitted along the waveguides and scattered vertically by the out-couplers.
The next step is to identify a device in which a single QD emits into two orthogonal waveguides. The structure is again excited at the intersection and PL spectra measured at the intersection and the out-couplers, labelled O R and O T in Fig. 1(a) , are compared. A magnetic field, B=3T is applied normal to the sample plane, so that the + and -polarised transitions can be identified by their characteristic energies. The above experiments demonstrate that for device-A, the polarisation of the photon emitted by the QD, including the relative phase between the polarisation components, and hence the full spin-state of the QD, is coherently mapped to a path-encoded state carried by the orthogonal waveguides. In device-B the observations that a non-chiral photonic structure separates the ± components of the QD emission and breaks inversion symmetry between propagation in opposite directions are at first sight surprising. However, the phenomenological behaviour of this device can be explained as an interference of the light emitted by an x and y-polarised dipole, using coupled mode theory of a waveguide junction where the intersection is treated as a low-Q cavity 24 , to deduce the relative phase of light emitted into each waveguide (see Supplementary Information) . A key conclusion of this work is that the way in which a spin optically couples to a photonic device is 10 sensitive to the QD position and is therefore an important design consideration for any spin-photon interface.
In summary, we have presented a scheme for interfacing an optically addressed spin qubit to a path-encoded photon using a crossed waveguide device. We have demonstrated the operation of this device in two regimes dependent on the location of the QD and shown that it can be used for in-plane transfer and read-out of spin information. Future directions include the use of nanocavities to enhance the lightmatter interactions 25 and on-chip read-out using integrated single photon detectors 8 .
This work provides a blue-print for the construction of a scalable on-chip network of solid-state spins; the next step is a demonstration of the remote entanglement 26 of two on-chip spins, which can be realized using two spin-photon interfaces and an integrated optical circuit.
Methods

Sample Growth and Fabrication
The samples used in this study are grown by molecular beam epitaxy (MBE) on undoped GaAs (100) wafers. The wafer consists of a 140nm GaAs waveguide slab with a single layer of nominally InAs QDs at its centre, separated from the GaAs buffer layer by a 1 m thick Al 0.6 Ga 0.4 As sacrificial layer. A rotation stop is included during the InAs deposition in order to achieve a low QD density. This results in a grading of the QD density across the sample and a minimum measured density of ~1 10 9 cm -2 . This area of the sample is then employed to fabricate the devices investigated here. Electron beam lithography is used to define the waveguide devices and the GaAs slab layer etched using a chlorine based reactive ion etch (RIE). Finally, hydrofluoric acid is used to selectively remove the Al 0.6 Ga .0. 4 As layer from beneath the waveguides leaving the free-standing waveguide structure.
Optical Measurements
The optical measurements, shown schematically in Fig. 1(b) , are performed in a low temperature confocal microscope system equipped with a superconducting magnet.
The photoluminescence is excited using an 855nm continuous wave (CW) diode laser, linearly polarised at 45° to the x-axis, as defined in Fig. 1(a) and focused to a ~1 m diameter. The spatial selection is achieved with a pair of single mode optical fibers which can be independently positioned in the image-plane to simultaneously collect emission from two discrete locations on the sample. For the interference experiments the light from the two out-couplers is coupled into a single mode fiber beamsplitter.
The light from each output port of the fiber beam-splitter is filtered with a 0.55m spectrometer and monitored using a pair of silicon avalanche photo-diodes (APDs), which can be individually tuned to detect two different wavelengths simultaneously.
The path delay in the interferometer is modulated using a linear delay stage and piezoactuated mirror.
Finite Difference Time Domain Simulations
Finite difference time domain simulations are performed using MEEP (MIT Electromagnetic Equation Propagation) 27 . The simulated device consists of two 140nm×200nm GaAs waveguides surrounded by air, as presented in Fig. 3 
Supplementary Information 1. Quantum Dot Properties
To verify that the quantum dots (QDs) studied in this work are single photon emitters,
we perform a photon correlation measurement using a Hanbury-Brown and Twiss (HBT) set-up. For device-A the QD emission is collected in the vertical direction from the intersection of the waveguides and filtered with a spectrometer, before being split with a beamsplitter and detected using a pair of APDs (see Fig. 1 is the signal to background ratio [S2] . The cross-correlation histogram for the QD studied in device-B is shown in Fig. S2 and shows anti-bunching with g (2) (0)=0.04.
This again demonstrates the single photon nature of the emission, but using photons collected by the waveguides.
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The coherence time for the QD in device-B can be extracted as above from an analysis of the visibility decay curves. From fits to the data, coherence times of 100ps are found for both the 
Effect of QD position on the fidelity of the spin to path conversion
In this section we use FDTD simulations to verify that a one to one map between the polarisation of a photon emitted by a QD at the centre of the structure (device-A) and the path-encoded state is achieved. Furthermore, we ask to what extent device-B also performs a coherent map between polarisation and path state, which, following characterization of the device, can be corrected using a single qubit rotation.
To this end, the waveform of the E x(y) field in each waveguide, sampled at a point in the centre of the waveguide, equidistant from the centre of the intersection, is calculated for a QD at the centre, and an off-centre QD at s=90nm along the diagonal.
An amplitude, a and phase, are found by fitting the waveform to a cosine, and these are used to construct a phasor, . We then choose two of the waveguides {T,R,B,L}, as defined in Fig. 3(h) , to encode the photon state, W for input polarisation, p as, .
If the device performs a one-to-one map between polarisation and the path-encoded state, then orthogonal input polarisations will map to orthogonal path states. To quantify this as a measure of the quality of the state conversion, the dot product,
, of the path-encoded states arising from orthogonal input polarisations, and is calculated. This is then normalised to half the total intensity out of all four waveguides, with a value of zero ideal. To quantify the extent to which the spin-photon interface polarises the path-encoded state, we also calculate the total intensity of the light collected by the selected waveguide pair , to check that this is independent of the input polarisation. The 
Physical explanation of spin read-out behaviour of device-B
In this section we present a physical interpretation of the spin read-out behaviour of device-B. This behaviour, in which inversion symmetry is broken for light propagating in opposite directions, may appear counterintuitive at first sight but can be explained using temporal coupled mode theory of a waveguide junction, where the intersection is treated as a low-Q cavity [S5] . We proceed by analysing the relative phase, of the magnetic field in the four waveguides for light emitted by a linearly polarised dipole located in the waveguide intersection.
H-polarised light can couple forwards into the top waveguide with phase 0, and backwards into the bottom waveguide with relative phase  without a change in polarisation. The  phase-shift arises from the fact that an oscillating dipole emits a field with a sin() dependence [S6] . For a source located at the centre of the intersection there is no coupling of the H-polarised light to the right and left waveguides. However, the simulations show that as the source is moved away from the centre; the light is increasingly coupled into the right and left waveguides. This coupling can be analyzed using the phenomenological temporal coupled mode theory [S5] . In this model, the intersection is treated as a weak cavity that couples to the waveguides. We assume that the horizontal dipole, feeds the cavity mode M, and then leaks to the right and left waveguides. This is modelled by:
where  0 is the cavity resonance,  the cavity lifetime, and C 1 , C 2 In the case of ± polarised emission, the source is a superposition of H and ±iV dipoles, which results in relative phases of  and between the light emitted by the H and V dipoles respectively. This leads to constructive interference for =0 and results in the + emission being predominantly emitted into the right and bottom waveguides and the -into the top and left waveguides, as observed in Fig. 3 of the main article. We support this phenomenological explanation of device-B with simulation results. In 
